The rapid changes in the telecommunications sector shorten the useful lifespan of many of the established telecommunications traffic indicators, creating the need for constant re-assessment and improvement of existing indicators and the development of new ones. This paper first reviews two prominent publications by TeleGeography, Inc. that provide telecommunications traffic and Internet statistics. It then lists other data sources and discusses several prominent measurement efforts that highlight the need for internationally agreed upon measurement standards. Finally, it is pointed out that many of the economic and social statistics that are needed to help interpret the impact of the information revolution, as well as the techniques used to analyse them, are also in dire need of improvement. *
Introduction
In order to conduct research into economic and policy aspects of information and (tele)communications, researchers have to have data that can be used in serious econometric and other analyses of these issues. It is a feature of the 'information age' that the more information there is, and the more knowledge is created and accumulation, the more difficult it is to measure what is going on. The current phase in the development of appropriate indicators is one of experimentation. There are plenty of new indices that try to measure some aspects of the emerging trends. They are often devised for particular purposes, but are not necessarily comparable or meaningful. It remains to be seen how many of these will stand the test of time.
This article reviews two publications by TeleGeography Inc., a Washington D.C. based research and publishing company and an independent subsidiary of Band-X Ltd., that provides what is probably the most authoritative compilation of international telecommunications traffic flows and commentary. Its annual flagship publication, TeleGeography, has been published since 1989. It focuses mostly on the international geography of telecommunications and is an indispensable reference work for anyone analysing or having to make strategic decisions in the quickly changing telecommunications sector. Given its price, it seems primarily aimed at a commercial, i.e. non-academic audience.
1 However, it should also be of great interest to other researchers.
The following section discusses TeleGeography2001 (TeleGeography, 2000a) , as well as its recent offshoot, Hubs and Spokes (TeleGeography, 2000b) , which focuses on the Internet. Section 3 lists some other data sources and briefly discusses several other prominent measurement efforts that highlight the need for internationally agreed upon measurement standards. Section 4 emphasises that telecommunications indicators need to be combined with a wide variety of other statistics in order to interpret their meaning and significance. However, many of these 'conventional' statistics are also 1 At the time of writing the printed edition of TeleGeography 2001 sold for US $ 1295, the electronic edition (single user licence) for US $ 2495, and the combined printed and single user licence for US $ 2990. The publication of both TeleGeography and Hubes and Spokes was partly supported by grants from telecommunications or related corporation. It is stated that these grants were given without preconditions.
in dire need of improvement. Finally, it is not just the data that need to be improved, but also the techniques used to analyse them. National traffic balances for up to three years (1996 -98) . When using the data for analysis, the reader should make sure to carefully read the methodology page. Despite
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TeleGeography's effort to ensure comparability, problems remain which are more severe for some countries than others. Also, the number of countries included in 
Hubs and Spokes
Recently, TeleGeography Inc. has become more involved in the analysis and measurement of the Internet and intends to produce a series of reports on the topic.
Hubs and Spokes (TeleGeography, 2000b ) is the first report of its Internet Program. It explores the Internet and IP-based technologies, focussing on international industry structure, network topology, and traffic flows.
Following a brief introduction, the remainder of the publication has two main parts. In short, there is currently no aggregate summary statistic of the total amount of telecommunications traffic and information flows taking place, and the chances of obtaining such a statistic seem lower than ever. There are many other mechanisms besides phone, fax and the Internet by which information and knowledge is transferred between countries, e.g., business practises of multinational companies and foreign direct investment, joint ventures and licensing agreements, business travel and international conference attendance, education and training received abroad, migration of skilled people, importation of journals and books, purchase of patents and trademarks, the importation of capital goods and services, reverse engineering, etc. 7 Moreover, these cover not only explicit or codified knowledge, but also tacit knowledge. The latter tends to be easily forgotten in the discussion of the information and knowledge-based economy. 7 See the discussion in Engelbrecht (1997) . 8 See Lamberton (1997) for a critical discussion of this issue.
However, given the perplexing complexities of the information age, a recent major report on the 'networking' revolution argued that prospects for statistically sound analysis are very poor, particularly in regard to Internet activity. Instead of basing analysis on any robust statistical observations, it has to be based on 'qualitative hypotheses' (Analysys, 2000) . It is expected that the historically strong and simple correlation between economic output and networking activities will weaken, and a wider range of causal relationship than in the past will emerge (ibid., p. C4).
Despite this, there is no shortage of attempts to devise new quantitative indices, some of which are more questionable than others. Here I briefly discuss two attempts to derive aggregate quantitative indices that purportedly capture some of the essence of the information age. The first is the Herculean attempt by Lynn and Varian (2000) to measure the total stock of information in the world, the other is an attempt to derive an aggregate information society index. (2000) try to measure world information production by estimating how much space (in bytes) it would take to store all information produced and communicated. The production of content by media type (paper, film, optical, magnetic) and some communication flows are translated into a common standard (i.e. terabytes), while trying to adjust for duplication of content, data compression etc.
Lynn and Varian
Lynn and Varian's estimates for the Internet are of the 'deep web', which includes the content of searchable databases and is estimated to be 400 to 550 times larger than the commonly defined World Wide Web (BrightPlanet, 2000) . Their overall estimate indicates that the world produces between one and two exabytes (i.e. 10 18 bytes) of new information each year, or roughly 250 megabytes for every man, woman, and child on earth, indicating a severe case of 'information overload'. However, data on the consumption of these mountains of information suggest that the total time spent in media access has changed little, i.e. less and less of the information produced is actually consumed.
What seems missing from Lynn and Varian (2000) is the geographical dimension (flows are converted into stocks), and some indication of how the estimates can be related to economic and social statistics, which is necessary for analysing their meaning and implications. 
Concluding Comments
Researchers wanting to explain the meaning and significance of global communication and information flows have to analyse telecommunication and
Internet statistics in conjunction with other relevant statistics, i.e. economic, business, social, political or institutional statistics at the micro or macro level of analysis. I have argued elsewhere (Engelbrecht, 1997 (Engelbrecht, , 1998 ) that this requires (a) a move away from the prevalent emphasis on the information technology economy back towards the information economy in the wider sense, as well as (b) adoption of a 'communication 9 In some respects Lynn and Varian's (2000) measurement project is reminiscent of Porat and Rubin's (1977) attempt to define and quantify information activities in an economy. Certainly the assumptions and compromises made in the re-working of existing data are at least as heroic in the former work compared to the latter. 10 While the aggregate index is reported free of charge, the accompanying background reports sell at a hefty price. 11 Another recent index is the 'index of technological progress' used by Rodriguez and Wilson (2000) to assess the capacity of 110 countries to process information. It is more limited than the Information Society Index in that it is an index of IT products only. Many authors have pointed out that current data collection activities by statistical agencies are inadequate (see, e.g., Haltiwanger and Jarmin, 2000) . To properly measure and understand the impact of telecommunications and the Internet on the economy and society not only requires new and widely agreed upon telecommunication and information flow indicators, but also an improvement in the measurement of 'conventional' statistics. Examples of the latter are improved output measures of non-goods producing sectors, quality adjusted price deflators, improved productivity measures and human capital stock data, and many more (see ibid.). In short, developments in telecommunications and in the digital economy are forcing statistical agencies to rethink the measurement of even the basic building blocks of the national accounts, i.e. outputs, inputs and prices (ibid., p. 31).
However, it gets worse. There is also a need to develop more appropriate techniques to analyse the impact of the developments in telecommunications and the digital economy. In a recent anniversary issue of the Journal of Econometrics, Phillips (2001, p. 23 ) commented on the challenges facing econometric research on productivity issues: "The changes in the nature of economic activity now being forged by the rapidly emerging internet economy certainly seem unprecedented…How do we model trends when such fundamental changes are taking place?…Simply put, the inadequacy of our modeling apparatus in the face of an issue of such great importance is staggering." Durlauf (2001) , in the same issue, sees the need for a new growth econometrics. While both authors' comments mainly pertain to macro-level analysis, similar issues arise with micro-level econometric analysis.
In short, the issue of how to measure the geography of telecommunications and of the Internet (i.e. the stocks and flows of information instead of information technology as such), and how to analyse them, should provide inexhaustible opportunities for further research. The TeleGeography publications are likely to be important resources and guideposts in these endeavours.
